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ABSTRACT 
Multilevel converters are nowadays widely adopted. The additional voltage levels are provided either by clamping the series of the 
dc-link capacitors with diodes or by employing flying capacitors. In both cases, a balancing system for the dc-link capacitors is 
mandatory. In order to avoid this we present an effective circuit configuration of multilevel inverter which can increase the 
number of output voltage levels with the reduced number of circuit components. In this paper, a 13-level inverter consists of a 
single dc voltage source with a series of capacitors, diodes, active switches for synthesizing output voltage levels, and an H-bridge 
cell. The multilevel inverter produces the stepped output voltages similar to sinusoidal wave. Many number of voltage levels 
ensure a high quality output voltage, which shows a good THD with low dv/dt stress. Capacitor calculation and loss analysis are 
presented. Simulation results are shows the performance of proposed inverter. 

 

KEYWORDS:  
 

INTRODUCTION 

 

 Now a day’s many industrial applications have begun to require high power. Some appliances in the 

industries however require medium or low power for their operation. Using a high power source for all 

industrial loads may prove beneficial to some motors requiring high power, while it may damage the other 

loads. Some medium voltage motor drives and utility applications require medium voltage. The multi level 

inverter has been introduced since 1975 as alternative in high power and medium voltage situations. The Multi 

level inverter is like an inverter and it is used for industrial applications as alternative in high power and medium 

voltage situations. Multilevel inverters include an array of power semiconductors and capacitor voltage sources, 

the output of which generate voltages with stepped waveforms. The commutation of the switches permits the 

addition of the capacitor voltages, which reach high voltage at the output, while the power semiconductors must 

withstand only reduced voltages [1].11-level H-bridge multilevel converter with a field programmable gate 

array controller is presented to implement the method of an active harmonic elimination method to eliminate 

any number of specific higher order harmonics of multilevel converters with equal or unequal dc voltages[2]. 

The topologies which have been extensively studied and are available for multilevel voltage output are neutral 

point clamped (NPC), cascaded H-bridge (CHB) and flying capacitor (FC) converters[3-6].Diode-clamped 
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inverter may be observed that using extra diodes in series becomes impractical when the number of levels n 

increases, requiring (n-1)(n-2) diodes per phase if all the diodes have equal blocking 

 Voltages. Note that the voltages for diodes in different positions are not balanced.In flying capacitor 

inverter, large numbers of capacitors are bulky and more expensive than the clamping diodes used in the diode-

clamped multilevel inverter. Complex control is required to maintain the capacitor’s voltage balance.Cascaded 

H-bridge cell inverters use the least number of power electronic devices when compared to other topology. 

Cascaded H-bridge inverter increases the number of voltage levels and simplifies the control strategies by the 

combination of H-bridge cells. Different cascaded multilevel inverters have been presented with two different 

algorithms as symmetric and asymmetric one in [7]. The output harmonics and the component counter can be 

significantly reduced by the increasing number of output voltage levels using symmetrical triangular waveform 

modulation is proposed in [8]. A single-phase five level inverter was proposed in [9-12]. However they reduced 

the power switches, gate driver circuits and dc voltage sources. Seven-level PWM inverter with series-

connected capacitor was presented in [13]. Capacitors are parallel connected to the DC voltage source to 

obtaining voltage levels and to solve capacitor voltage unbalancing problem. Nine-level grid connected inverter 

was proposed in [14]. 

 In this paper, we present an effective circuit configuration of multilevel inverter which can increase the 

number of output voltage levels with the reduced number of circuit components.It consists of a single dc voltage 

source, series-connected capacitors, diodes and switches for synthesizing more output voltage levels and an H-

bridge cell. To verify the validity of the proposed thirteen-level inverter, we carry out computer-aided 

simulations. Here we also introduce a PWM control strategy to solve capacitor voltage unbalancing occurred in 

series-connected capacitors. This paper organized as follows: section II presents the detailed configuration of 

proposed thirteen-level inverter. Section III presents the loss analysis, modulation analysis and capacitor 

calculation. Simulation results are shown in section IV, followed by concluding remarks. 

 

PROPOSED INVERTER: 

A.circuit configuration: 

 Fig. 1 shows a circuit configuration of the proposed thirteen-level inverter, which has two stages. The 

frontend circuit is a modified switching capacitor circuit (MSCC),which is different from the basic SC cells in 

[15-18]. It can obtain more output voltage levels with fewer components. The backend circuit is a H-bridge 

circuit (HBC) is used to change the polarity of the frontend output. Let’s assume that all the components are 

ideal and the circuit is in steady state. Then we can obtain the thirteen output voltage levels are: 3vdc, 5vdc/2, 

2vdc, 3vdc/2, vdc, vdc/2, 0, -3vdc,-5vdc/2, -2vdc/2,- 3vdc/2, -vdc, -vdc/2. 

 

 
 

Fig. 1: circuit of proposed thirteen-level inverter. 

 

B.Generation of each voltage level: 

 For proposed thirteen-level inverter, switching patterns are listed in Table I, including the states of the 

diodes and capacitors, and to have a better understanding. For assuming all the power switches are ideal, 

consider on-state resistances and voltage drops are zero; the capacitors have the same capacitance that is large 

enough; the resistive load is used; proposed thirteen-level inverter has already entered in steady states. 

 
Table 1: Switching Patterns and States of the Diode and Capacitors at Each Output Voltage Levels 

SWITCHES IN HBC SWITCHES IN MSCC DIODES CAPACITORS 

Voltage S1 S2 S3 S4 

levels 

S5 S6 S7 S8 S9S10S11S12S13 D1 D2 D3 C0 C1 C2 C3 



379                R.SRIDEVI et al., 2017/Advances in Natural and Applied Sciences. 11(6) Special 2017, Pages: 377-383 

3vdc 1 0 0 1 

5vdc/2 1 0 0 1 

2vdc 1 0 0 1 

3vdc/2 1 0 0 1 

vdc 1 0 0 1 
vdc/2 1 0 0 1 

0 0 1 0 1 

-3vdc 0 1 1 0 
-5vdc/2 0 1 1 0 

-2vdc 0 1 1 0 

-3vdc/2 0 1 1 0 
-vdc 0 1 1 0 

-vdc/2 0 1 1 0 

1 1 1 1 1 0 0 0 0 

1 1 1 1 0 0 0 0 1 

1 1 1 0 0 0 1 1 0 

1 1 0 0 0 0 0 1 0 

1 0 0 0 0 1 1 1 0 
0 0 0 0 0 1 1 1 1 

0 0 0 0 0 1 1 1 1 

0 0 0 0 0 1 1 1 1 
1 0 0 0 0 1 1 1 0 

1 1 0 0 0 0 0 1 0 

1 1 1 0 0 0 1 1 0 
1 1 1 1 0 0 0 0 1 

1 1 1 1 1 0 0 0 0 

 

0 1 1 

1 0 1 

0 0 1 

0 1 0 

1 0 0 
0 1 0 

0 0 1 

0 1 0 
1 0 0 

0 1 0 

0 0 1 
1 0 1 

0 1 1 

 

D D D D 

C C C C 

D D D D 

D D D D 

C C C C 
D D D D 

- - - - 

D D D D 

C C C C D D D D 
D D D D 

C C C C 

D D D D 

 

 Where symbols of 1 or 0 in the switches indicate that the switches are turned on or turned off; symbols of 1 

or 0 in the diodes indicate that the diodes are forward biased or reverse biased; symbols of C, D or – in the 

capacitors indicate that the capacitors are charged, discharged or unchanged. 

 From Table 1, the capacitors are charged and discharged at levels ±Vdc,±5Vdc/2 and ±3Vdc/2, 

±2Vdccorrespondingly and in their intervals, they share the same charging currents. At levels ±Vdc/2, ±3Vdc the 

voltages on the capacitors get balanced. At voltage level 0 the capacitors voltages remains unchanged. 

 

LOSS ANALYSISAND CAPACITOR CALCULATION: 

A.Modulation analysis: 

 Fig.2 shows the operational principles of proposed thirteen-level inverter. The thirteen-level staircase output 

can be synthesized by quasi-square waves. For example, Voi(i=1, 2, 3, 4) whose amplitudes and conducting 

angles are ±Vdc/2 and ϴi, the angles should satisfy 0<ϴ1<ϴ2<ϴ3<ϴ4<ϴ5=90ْ 

 The Fourier decomposition of quasi-square waveform is 

Voi=2Vdc/π∑ cos(𝑘𝜃𝑖) /𝑘∞
𝑘=1,3,…. ∗ sin 𝑘𝜔𝑡 

Where ω is the angular frequency of the staircase output. Thus the Fourier decomposition of the output voltage 

is  

V0=2Vdc/πΣ∞
k=1,3,…∑ cos(𝑘4

𝑖=1 𝛳𝑖)/𝑘 ∗ sin 𝑘𝜔𝑡 
The fundamental component of the staircase output is 

Vof=2Vdc/π ∑ cos(𝜃𝑖) ∗ 𝑠𝑖𝑛𝜔𝑡4
𝑖=1  

 Therefore, the amplitude modulation index of the fundamental waveform Mof and the THD of proposed 

thirteen-level inverter can be expressed as  

Mof=1/4 ∑ cos(𝜃𝑖)4
𝑖=1  

THD= Σ∞
k=3,5,… [∑

cos(𝑘𝜃𝑖)

𝑘

4
𝑖=1 ]2 / ∑ cos(𝜃𝑘)4

𝑘=1  * 100% 

Conducting angles can be calculated by, 

Cos(ϴ1)+cos(ϴ2)+cos(ϴ3)+cos(ϴ4)=4Mof 

Cos(5ϴ1)+cos(5ϴ2)+cos(5ϴ3)+cos(5ϴ4)=0 

Cos(7ϴ1)+cos(7ϴ2)+cos(7ϴ3)+cos(7ϴ4)=0 

Cos(11ϴ1)+cos(11ϴ2)+cos(11ϴ3)+cos(11ϴ4)=0 

 

 
 

Fig. 2: operational principles of proposed 13-level inverter. 
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B.Capacitor calculation and ripple loss: 

 When the capacitors discharge to supply the load separately with the voltage source. Obviously, the largest 

discharging amount and the so-caused maximum voltage ripple for each capacitor are obtained under condition 

of pure resistive load, as the peak of the load current aligns with the midpoint of the discharging period, and 

once the capacitance is determined under pure resistive condition, voltage ripple on the capacitor will be smaller 

when supplying an inductive load. When the load is a pure resistor, the load current is also a staircase 

waveform. Thus, ∆Q can be further calculated by, 

 

∆Q=
Vdc

4𝜋𝑓𝑜𝑅𝑜
 (4π-3ϴ3-5ϴ4) 

 

 Where C is the capacitance of each capacitor. Finally, taking the allowable voltage ripple ∆Uripple into 

consideration, the minimum capacitance should meet the following formula 

 

Cmin= 
Vdc

4𝜋𝑓𝑜𝑅𝑜∆𝑈𝑟𝑖𝑝𝑝𝑙𝑒
 (4π-3ϴ3-5ϴ4) 

 

 Where f0 is the frequency of the staircase output and R0 is the load resistance. The voltage ripple on each 

capacitor can be calculated by 

∆V= 
Vdc

4𝜋𝑓𝑜𝑅𝑜𝐶
 (4π-3ϴ3-5ϴ4) 

 

Similarly, the smaller voltage ripple can be calculated by 

∆V’= 
Vdc

2𝜋𝑓𝑜𝑅𝑜𝐶
 (ϴ2-ϴ1) 

 

Consequently, the ripple loss can be expressed as, 

Prip=f0C(∆V2+∆V’2) 

 

C.Switching loss analysis: 

 Switching loss of a switch is caused by the overlaps of its voltage and current when it changes its states and 

it can be estimated from the charging and discharging processes of the parasitic capacitance between the drain 

and the source [24] by 

 

Pswitch= fs Cds Vb
2 

 

 Where,fs, Cdsand Vbare the switching frequency, the parasitic capacitance and the maximum block voltage 

of each switch, correspondingly. Thus, the switching loss can be calculated by 

 

Pswitch= f0 CdsVdc
2/2 

 

Overall, the efficiency can be obtained by 

 

ɳ=
𝑃𝑜

𝑃𝑟𝑖𝑝+𝑃𝑐𝑜𝑛+𝑃𝑠𝑤𝑖𝑡+𝑃𝑜
 

 

Where, P0 is the rate output power of proposed inverter. 

 

 
 

Fig. 3: simulink diagram of proposed thirteen-level inverter. 



381                R.SRIDEVI et al., 2017/Advances in Natural and Applied Sciences. 11(6) Special 2017, Pages: 377-383 

SIMULATION RESULTS: 

 The simulation is performed by using MATLAB/Simulink Simpower system toolbox for the purpose of the 

simulation study. An inverter with thirteen switches connected in bridge configuration is considered as a 

resistive load. The load is a 38Ω pure resistor, thus the RMS values are 230V, correspondingly. Here the 

inverter is designed with mosfet switch and the performance of proposed thirteen-level inverter and the detailed 

simulation diagram shown in fig.3. 

 Fig.4 demonstrates the simulation waveform of proposed thirteen-level inverter. It can be observed that 

odd-order harmonics are decayed many times compared with the fundamental component. In other words, the 

low THD is obtained by proposed thirteen-level inverter with fewer components. Simulation parameters of 

proposed thirteen-level inverter are listed in Table II. 

 

 
 

Fig. 4: output waveform of proposed thirteen-level inverter. 

 
TABLE II: Simulation Parameters of Proposed Thirteen-Level Inverter 

Modes Names Values 

Component parameters Forward voltage drop ofdiodes(VD) 

On-state resistance of switches (Ron) 

Capacitance of capacitors 

0.8 V 

1 KΩ 

1000µf 

Circuit parameters Dc source (Vdc) 

nominal frequency(f) 

18 V 

50 HZ 

 

Conclusion: 

 In high-power application, multilevel inverters are most widely used topology. A multilevel inverter which 

can effectively increase the number of output voltage levels with a single dc voltage source is presented here. In 

order to synthesize 9-level output voltage, the proposed multilevel inverter needs a single dc voltage source with 

a series connection of three capacitors, three diodes, thirteen active switches for synthesizing output voltage 

levels, and an H-bridge cell. Desired waveform of thirteen-level from H-bridge Inverter is achieved using 

MATLAB/Simulation. Modulation algorithms can be simplified and good total harmonic distortion(THD 

9.67%) can be obtained. 

 

 
(a) 
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(b) 

 

Fig. 5: simulation waveforms of driving signals consists of switches (S1~S13) 

 

  Fig.6 shows the FFT analysis of proposed inverter. However it shows the odd harmonics with good THD 

%. 

 

 
 

Fig. 6: FFT analysis of proposed thirteen-level inverter. 
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